Over the last several years it has been reported extensively in the literature that chloride induced corrosion of high temperature surfaces in Waste to Energy (WTE) boilers is one of the most costly problems in the industry. This problem can result in replacement of superheater pendents as often as annually in some units or the costly use of higher alloyed materials to either shield the metal surfaces or serve as replacement tube material. The cost-effectiveness of the replacement alloys has not been proven in many cases and therefore the industry has been looking for alternative solutions to evaluate. This paper will address the evaluation of chemical solutions to the problem and also a novel method for measurement of corrosion rates in the high temperature flue gas near WTE superheater pendents.
The corrosion problem at MERC currently can be described as isolated to about 5% of the superheater pendent surfaces which experience corrosion rates ranging from 0.020 The current understanding of the mechanisms of high temperature corrosion in waste combustion plants is reviewed in several papers. In the first pass above the grate in-furnace corrosion by high CO levels and reducing atmospheres is well known. In practice a pragmatic solution is a refractory lining which is applied on the waterwalls in the first pass of most incinerators. In addition to CO reducing conditions in these areas can also result from deposit formation enhanced by the temperature gradient and condensing substances. In fact alkalimetal chlorides have been found in deposits near the metal surface.
It is generally accepted that the high level of chlorides in the waste is the core of the problem. High temperature corrosion in waste incinerators is caused by chlorine either in the form of HCl, Cll, or combined with Na, K, Zn, Pb, Sn and other elements. In particular both gaseous HCI with and without a reducing atmosphere and molten chlorides within the deposit are considered major factors. Sulphur compounds, which under certain circumstances are corrosive compounds itself, can enhance or reduce the corrosion by chlorine. The most important factors in high temperature corrosion are the metal temperature and the temperature di f f erence between gas and metal, the f l ue gas composition, deposits formation and reducing conditions, and the Sal / HCl ratio.
The following mechanisms can be distinguished.
• Corrosion by HCl/CI2 or SO/S Oj containing gas under oxidizing or oxidizing/reducing conditions.
• Corrosion by solid or molten deposits of metal chlorides and sul f ates.
These mechanisms are well described by several authors, and one of the pictures explaining the various steps is given in Figure 3 .
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Figure 3-Sequence of chemical reactions explaining corrosion of incinerator boiler tubes (Ref. 60, Krause, 1986 , 1993 .
Corrosion by chlorine containing gas This mechanism is generally accepted for metal temperatures above about 450°C and is mentioned as 'active oxidation '. Alkali chlorides in particular NaCl, CaCI] and KCl can be present already, or can be formed by the combustion and subsequent reaction of alkali oxides:
Under ideal conditions (good mixing. su f f i cient residence time) alkali chlorides can, provided there is enough S02 and 02, be sulfated according to the reaction:
This would result in formation of sul f ates and volatile HC!. At the relatively low tube wall temperatures of most waste incinerators the sul f ates are not very harrriful and the HCI formed will be transported to the flue gas clean up system. However i f the gas reaches the cooler tube walls before the reaction is completed the alkali metals will tend to condense on the cooler metal. In this case on the metal further sulfate formation can occur under the release of HCI which causes high chlorine partial pressures and enhanced corrosion.
Without S02 at 500°C NaCl and iron oxides can form Cl2 accordingly:
Calculations of the dissociation constant of HCI as a function of temperature indicate that under oxidizing conditions up to gas temperatures of 600°C chlorine is present as Ci2 , whereas above 600°C in the presence of water vapor formation of HCI is enhanced according to the reaction:
At about 500°C Cl2 can penetrate pores or cracks in an oxide layer. At the low oxygen partial pressures as exist near the metal-oxide scale boundary the metalchlorides are the more stable phase. The reactions (3-4) can result in a Cl2 partial pressure su f f i ciently high to react directly with the steel to form FeCh
The vapor pressures of metalchlorides will depend primarily on the temperature and the HCI content of the gas. In addition the type of oxide (and alloy) can influence the vapor pressure considerably. The vapor pressure of FeCl2 already at low temperatures is relatively high. As a result formation of FeCl2 can decrease the adherence of the oxide scale or can cause spallation of the oxide layer.
Iron chlorides form, and due to their volatility, migrate out from the corrosion product. At higher oxygen partial pressures near the oxide-gas interface, these chlorides are converted to oxides and liberate chlorine. These new oxides are not formed as a perfect layer and do not offer protection. Part of the liberated chlorine migrates back through the oxide/deposit to react with the metal at the oxide-metal interface, and form metal chlorides again.
FeCl2 (solid) = FeCl2 (gas) [7J
In this process the chlorine has a catalytic effect on the oxidation of the metal resulting in enhanced corrosion. The kinetics of active oxidation is mainly determined by the evaporation and outward di f f usion of FeCl2• Similar chlorine corrosion and regeneration cycles may proceed via FeClj and it is possible for the ferrous iron to be oxidized to the ferric state which, when oxidized liberates chlorine as well.
With regard to volatility di f f erent compounds can be compared based on the temperature T4 at which the vapor pressure reaches 10-4 bar. For some compounds vapor pressure values are given in Table 1 . From all these figures it can be explained that low alloy steels and iron base alloys have a limited resistance against active oxidation. High alloyed materials and in particular nickel base alloys have a much better resistance, which can be explained by the fact that chlorides are more diff icult to form and, once formed, their relatively low volatility. Except for the FeClj most T4 temperatures are well above 500°C indicating that this mechanism is most relevant to superheaters and less to evaporators. 1
On-line Measurement of WTE Flue Gas Corrosion
Now that the problem and cause are clearly established, the biggest challenge in taking corrective action of any kind is to 
..
Test Protocol
At MERC, "B" Boiler was selected for the test. The test was conducted in phases as follows:
• Phase I -Shakedown of Corrosion Probe and initial corrosion measurements under current operating conditions.
• Phase 2 -Replica of phase one to test repeatability of test methodology.
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• Phase 3 -First test of ability of "Chemical A" to reduce corrosion rates.
• Phase 4 -Replica of Phase 3.
• Phase 5 -First Test of "Chemical B" to reduce corrosion rates.
The probe was inserted into "B" Boiler just below the superheater pendent at the location shown in Figure 5 . 
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In order to assure that the desired reactions for corrosion inhibition had occurred prior to the flue gas coming in contact with the pendents, the injectors were located just above the grate. This is shown in Figure 7 .
Finally to assure complete coverage of the flue gas stream with the injected chemical a calculation of the relative dosage was visualized with a dosage contour that shows almost uniform coverage before the pendents are reached. This is shown in Figure 8 .
Results
Phase one and two of the test were an equipment shakedown and an effort to determine the reliability of using a removable metal sample as a realistic measure of corrosion in a short period of time. This was determined in two ways. The first was just the visual observation of the deposits and their impact on the metal surface. This is shown in Figure 9 . Note the similarity with the surface view of the actual superheater tube shown earlier in Figure I . also gave more data to use for comparative purposes. The VT data for the first baseline period is shown in Figure 10 and the actual measurements are shown in Figure 11 . 
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